Severe sepsis is associated with functional disability among patients surviving an acute phase of infection. Efforts to improve functional impairment are important. We assessed the effects of early exercise rehabilitation on functional outcomes in patients with severe sepsis. Materials and Methods: A prospective, single-center, case-control study was conducted between January 2013 and May 2014 at a tertiary care center in Korea. Patients with severe sepsis and septic shock were enrolled and randomized to receive standard sepsis treatment or intervention. Intervention involved early targeted physical rehabilitation with sepsis treatment during hospitalization. Participants were assessed at enrollment, hospital discharge, and 6 months after enrollment. Functional recovery was measured using the Modified Barthel Index (MBI), Functional Independence Measure (FIM), and Instrumental Activities of Daily Living (IADL). Results: Forty participants (21 intervention patients) were included in an intention-to-treat analysis. There were no significant differences in baseline MBI, FIM, and IADL between groups. Intervention yielded greater improvement of MBI, FIM, and IADL in the intervention group at hospital discharge, but not significantly. Subgroup analysis of patients with APACHE II scores ≥10 showed significantly greater improvement of physical function at hospital discharge (MBI and FIM) in the intervention group, compared to the control group (55.13 vs. 31.75, p=0.048; 52.40 vs. 31.25, p=0.045). Intervention was significantly associated with improvement of MBI in multiple linear regression analysis (standardized coefficient 0.358, p=0.048). Conclusion: Early physical rehabilitation may improve functional recovery at hospital discharge, especially in patients with high initial severity scores.
INTRODUCTION
Severe sepsis is an acute-phase complication of an infection that causes organ dysfunction or death. Even after an acute episode, substantial and persistent functional disability and low health-related quality of life has been observed. [1] [2] [3] This can be a burden for patients and their families and can also increase their healthcare expenses. 4 Patients often need additional support or rehabilitation in long-term care facilities after discharge. 4, 5 Therefore, efforts to improve long-term func-tional impairment in severe sepsis patients are important. Similar problems have been reported in critically ill patients who were treated at intensive care units (ICUs). [6] [7] [8] Among several attempted interventions for improving functional disability in this population, exercise rehabilitation was shown to be an effective measure to improve long-term functional status of patients. 9 Improved quality of life, physical function, muscle strength, ventilator-free days, and decreased duration of hospitalization were observed in critically ill patients in ICUs who received early physical intervention. [10] [11] [12] [13] [14] The noted benefits of physical rehabilitation in critically ill patients cannot be directly applied to sepsis. Survivors of sepsis often have worse functional impairment than critically ill patients without sepsis. 1, 3 Decreased muscle mass can be aggravated due to inflammatory responses in sepsis and initial immobility. 15 Therefore, early exercise rehabilitation may be more beneficial in patients with severe sepsis.
Systematic research on the effects of early exercise rehabilitation in patients with severe sepsis is required. Although several animal studies and retrospective analyses have evaluated the benefits of physical therapy in septic conditions, [16] [17] [18] [19] only one published prospective human trial has demonstrated functional improvement at 6 months after discharge via physical rehabilitation in sepsis syndrome. 20 In the current study, we aimed to investigate the effectiveness of early exercise rehabilitation on functional recovery in patients with severe sepsis.
MATERIALS AND METHODS

Study design and population
A prospective assessor-blinded case-control study was conducted at a 2500-bed tertiary care medical center in Seoul, Korea. Patients who visited the hospital via the emergency department due to severe sepsis between January 2013 and May 2014 were screened for enrollment. Participants over the age of 20 years who met the criteria for severe sepsis (proven or suspected infection with two or more criteria of systemic inflammatory response syndrome plus organ dysfunction or hypotension) were eligible. Patients were excluded if they met any of the following conditions: pregnancy, central nervous system infection as the focus of sepsis, underlying cognitive or functional deficits causing dependent daily living at baseline, not expected to survive for an additional 24 hours, having any condition contraindicated to exercise rehabilitation, and at risk of worsening condition by exercise rehabilitation.
The enrolled patients were randomly assigned at a 1:1 ratio to receive standard treatment (control group) or standard treatment plus exercise rehabilitation (intervention group). Computer-generated randomization was performed using concealed allocation. All of the groups shared the allocation process of one doctor of rehabilitation medicine prescribing physical therapy and one physiotherapist performing intervention according to protocols; the outcome assessor and researchers providing standard care to patients were blinded. The study was conducted according to the Declaration of Helsinki of 1975 and in compliance with local institutional review board (IRB) guidelines (Severance Hospital IRB, approval number: 4-2012-0710), with participants' written informed consent.
Interventions
All patients received standard treatment for severe sepsis or septic shock according to the Surviving Sepsis Campaign Guidelines. 21 Patients in the intervention group underwent one to two times of daily targeted exercise rehabilitation for at least 1 hour by physiotherapist, from the day after randomization to the date of discharge. Exercise rehabilitation was performed according to the strategy used by Kayambu, et al., 22 which consisted of four stages of passive range of motion, active range of motion, electrical muscle stimulation, sitting, tilting, standing, ambulation, and other mobilization techniques depending on the patient's condition. Every day, the physiotherapist performed physical treatment and provided the doctor of rehabilitation medicine with feedback on the proper stage of subsequent intervention for each patient. Patients in the control group were able to receive general bedside exercise rehabilitation, depending on the doctor's decision. General bedside exercise rehabilitation took about 10 to 20 minutes a day and included passive range of motion, active range of motion, and sitting up in bed. Electrical muscle stimulation or exercise rehabilitation performed outside of the bed was usually not included. During the study period, one physical therapist and one doctor of rehabilitation medicine were consistently responsible for all enrolled patients' exercise rehabilitation regimens.
Assessment and measurements
Physical function was assessed three times throughout the study period: at the time of enrolment as "baseline, " just before discharge from the hospital, and 6 months after enrollment. We also conducted interviews to investigate the patients' usual physical function before admission. Physical function was evaluated according to the ability to perform Activities of Daily Livings (ADLs) and Instrumental Activities of Daily Livings (IADLs). In detail, ADLs were assessed by the Modified Barthel Index (MBI) and Functional Independence Measure (FIM), which have been validated and used extensively among patients with disabilities to assess functional measures and effects of rehabilitation. [23] [24] [25] MBI measures patient performance on 10 items of ADL functions, is scored from 0 to 100 points, and is divided into six grades (total, severe, moderate, mild, minimal, independent) according to scores. 26 FIM evaluated functional ability in 18 tasks in six areas of ADLs that were scored from 18 to 126 points. 27 Performing IADLs were measured based on the total scores of eight items, 28 and each item was scored from 1 to 3 points based on the degree of required assistance in this study. Assessments were conducted by blinded doctors of rehabilitation. The primary outcome of interest was the functional disability of participants 6 months after enrollment. Secondary outcome measures were 1) functional disabilities of participants at the time of discharge from hospital and 2) amount of recovery in physical function at every assessment point from baseline. Age, sex, body mass index, comorbidities, Charlson comorbidity score, septic focus, hemodynamic parameters, Sequential Organ Failure (SOFA) score, Acute Physiological and Chronic Health Evaluation (APACH II) score, and initial procalcitonin and C-reactive protein levels for the participants were collected at baseline.
Statistical analysis
Data were analyzed using the intention-to-treat principle, including data of all participants with at least one outcome assessment. Continuous variables are presented as means [standard deviation (SD)] or medians (inter-quartile range), and categorical variables are presented as numbers and percentages. For continuous variables, Student's t test or MannWhitney U test was used depending on the validity of normality assumption. Chi-square test or Fisher's exact test was used to assess categorical variables. Clinically significant changes could be determined using an effect size (calculated by dividing the mean absolute change score by SD of baseline scores), which standardizes raw score change. 29 Outcomes were analyzed based on a linear mixed model using group (control or intervention) and time (at hospital discharge and 6 months after enrollment). We used multiple linear regression to determine interactions between outcomes and variables in subgroup analysis. P values ≤0.05 were considered statistically significant. All statistical analyses were performed using SPSS software, version 21 (IBM Corp., Armonk, NY, USA).
RESULTS
Participants were recruited from January 2013 to May 2014, and their follow-up was completed by November 2014. Forty patients were randomized (21 to the intervention group and 19 to the control group). Nineteen patients in the intervention group and 13 patients in the control group completed 6-month follow-up. All 40 patients were included in the intention-to-treat population (Fig. 1) .
The baseline characteristics of the participants are shown in Table 1 . The median length of exercise rehabilitation in the intervention group was 8 days. There were no significant differences between the two groups with respect to demographic factors, comorbidities, septic focus, and severity of illness. Charlson comorbidity score was higher in the control group than the intervention group (6.0 vs. 4.0, p=0.007). No participant died during hospitalization. All-cause 6-month mortality rate was slightly higher in the control group than in the intervention group (21.1% vs. 14.3%, p=0.574), without statistical significance.
Physical function performance
There were no significant differences in physical function represented by mean MBI, FIM, and IADL scores between the two groups at hospital discharge, during 6-month follow up, and at baseline. Patient interviews revealed no meaningful difference in usual physical function before admission between groups (Table 2 ). In the analysis of MBI grade distribution (Fig. 2) , a definite improvement in physical function was shown over time from baseline to 6-month follow-up in both groups. More than half (21/40, 52.5%) of the participants belonged to the total or severe dependent grade, and two participants (2/40, 5%) had minimally dependent or independent status at baseline. However, at 6-month follow up, only one patient (1/32, 3.12%) showed total dependent performance, while 26 patients (26/32, 81.25%) improved to minimally de- pendent or independent status. The extent of improvement in MBI, FIM, and IADL was not significantly different between control and intervention groups at any time point (group×time, p=0.364 for MBI, p= 0.180 for FIM, p=0.309 for IADL in a mixed linear model). However, when comparing changes in mean scores of MBI, FIM, and IADL over time between the two groups, a steeper upward gradient from baseline to hospital discharge was found in the intervention group, which might represent better functional recovery via exercise rehabilitation during hospitalization (Fig. 3) . 
Correlates of functional recovery
We performed subgroup analysis to identify the effects of exercise rehabilitation during hospitalization. We compared the mean change in physical functions between baseline and hospital discharge in subgroups. Analysis of patients with initial APACHE II scores ≥10 was performed (Table 3) . Sixteen patients in the intervention group and 18 patients in the control group were thus included. There were no significant differences between the intervention and control groups, except for Charlson comorbidity score. Charlson comorbidity score was higher in the control group, compared to the intervention group (6.5 vs. 4.5, p=0.009). Mean changes in MBI and FIM from baseline to hospital discharge were significantly greater in the intervention group, although improvement in IADL was not statistically meaningful (55. 13 We further investigated the determinants of functional im- provement among a subgroup of study participants with APACHE II scores ≥10 using stepwise multiple linear regression. When receiving intervention, length of hospital stay, age, sex, and APACHE II score were included in the model, and receiving intervention was selected as a single variable significantly associated with improvement in MBI (standardized coefficient 0.358, p=0.048). However, receiving intervention was not selected as a contributing variable in the regression model for improvement of FIM and IADL.
DISCUSSION
In this study, exercise rehabilitation did not have a statistically significant effect on functional status at assessment time points nor on the amount of functional improvement from baseline to hospital discharge or 6-month follow-up. However, in subgroup analysis of participants with high initial severity scores, the intervention group experienced significantly greater improvement in MBI and FIM during hospitalization.
To date, only one prospective randomized human clinical trial on physical rehabilitation of patients with sepsis has been published in 2015. 20 The effect of early physical rehabilitation on functional recovery in severe sepsis has not been investigated enough to change current clinical practices. The present study provides more evidence on the potentially positive effects of exercise rehabilitation. In our study, physical function was evaluated by doctors of rehabilitation medicine at hospital discharge and at 6 months from baseline. Most (92% and 80%) participants were assessed at hospital discharge and at 6-month follow-up. These factors allowed us to make objective comparisons of functional status between groups over time.
APACHE II score has been validated for predicting hospital mortality in many studies. In-hospital mortality was reported as 12% to 18% in patients with APACHE II scores 10-19, [30] [31] [32] and mortality rate was significantly higher in patients with APACHE II scores 10-19, compared to patients with APACHE II scores <10. 31 Considering the actual mortality rates of study site and predicted hospital mortality of patients with particular APACHE II scores, participants with APACHE II score ≥10 were included in subgroup analysis.
In subgroup analysis, improvement of MBI and FIM during hospitalization was significantly greater in the intervention group. Greater mean improvement in MBI and FIM suggests that rehabilitation interventions can enhance the quality of ADL performance in patients with severe sepsis or septic shock. Functional improving quality of ADL performance during hospitalization can be one of the most important factors affecting long-term functional status and health care cost in severe sepsis. If patients do not acquire enough functional recovery before being discharged, they tend to enter longterm care facilities and experience deterioration, which may lead to further complications and re-admission. 4, 5 Receiving intervention was associated with a change in MBI, but was not a significant determinant of change in FIM. The reason for this remains unclear; however, there are numerous possible explanations. Although both MBI and FIM measure the performance of ADL with similar responsiveness to rehabilitation, FIM score consist of not only ADL performance but also social cognition (social interaction, problem solving, memory) and communication (comprehension, expression) abilities. 27 In one study of rehabilitation after brain injury, MBI and physical FIM showed similar responses to rehabilitation, whereas cognitive FIM was less responsive. Therefore, improvement in MBI score could be more clearly achieved by physical exercise in this study. The small sample size might explain this discordance in our results. In this study, only six out of 40 participants received ICU care. Due to shortage of ICU rooms at the study site, patients were mostly moved from the emergency department to general wards despite receiving inotropes, unless they required mechanical ventilation or continuous renal replacement therapy. The lower rate of receiving ICU care could also be due to the initial exclusion of patients with refractory shock or ongoing multiorgan failure, who were not expected to survive for an additional 24 hours. This may also be a major reason for the lower 28-day mortality rate, compared to previous data from the sepsis registry of this study site, 34 or the lower mean APACHE II score on admission, compared to results published in other papers concerning physical rehabilitation among patients with severe sepsis 20 or critically ill patients. 9, 12, 13 In this study, participants were not enrolled according to APACH II scores, but by the definition of severe sepsis and septic shock. All enrolled patients fulfilled the definition of severe sepsis or septic shock. Except for one patient, all of the participants had initial shock presentation. In general wards, a patient's physical activity is not completely recorded or controlled. Patients in general wards tend to perform voluntary physical exercise, irrespective of inclusion in a specific study group. This could represent a confounding factor in our analysis.
The median length of hospital stay was 11-14 days in subgroup analysis. This was a relatively shorter period than previously reported on severe sepsis or septic shock. 2, 20, 35 Over the study period (January 2013-May 2014), a total of 210 patients visited this study site via the emergency department due to severe sepsis or septic shock. The mean length of stay among the 210 patients was 12.3 days. The mean APACHE II score was 15.5, which was similar to that of our study participants. Similarly, at this study site, the mean length of hospital stay for a total of 436 patients with severe sepsis or septic shock who were registered between November 2007 and November 2011 was 14 days, and the mean APACHE II score was 18.29. 34 Therefore, the length of hospital stay among our study participants was similar to that of the overall data from this study site. In other words, our study participants were not less severe or discharged earlier than the average patients with septic shock in this site. Similar data can also be found for other Korean sites. According to analysis of data from the sepsis registry of 591 patients with severe sepsis or septic shock in an emergency department, the median length of hospital stay was 12 days with a median APACHE II score of 15. 36 Therefore, with early management of septic shock before massive progression of organ damage, patients could achieve enough recovery to be discharged in a relatively shorter period of inpatient treatment.
With a relatively shorter period of median hospitalization, the median duration of exercise rehabilitation was only 9 days in the subgroup analysis. Since the type of rehabilitation, duration of daily exercise, and patient conditions differ from study to study, it is difficult to define the minimum period of exercise rehabilitation that can accurately determine the effectiveness thereof. However, some studies have shown sig- nificant results of physical rehabilitation on critically ill patients over a time period similar to ours. In a randomized controlled trial of critically ill patients who were treated with mechanical ventilator care in the ICU, 13 participants in the intervention group received early physical rehabilitation from the day of study enrollment to hospital discharge. Since the median length of hospital stay was 13.5 days in the intervention group, the actual duration of rehabilitation during intervention would be shorter. Early physical rehabilitation resulted in better functional outcomes at hospital discharge, shorter duration of ICU stay (5.9 days vs. 7.9 days, p=0.08), and shorter duration of delirium in ICU (2 days vs. 4 days, p=0.03) in that study. It is evident that even a few days of physical rehabilitation affect outcomes. In another study, 12 critically ill patients in the ICU engaged in daily cycling exercise to improve functional outcomes. The intervention group showed significantly better functional status at the time of hospital discharge, and the median duration of cycling exercise was 7 days. Through these studies, we can deduce that just a short period of rehabilitation would be effective for those of a critically ill condition.
This study had a few other limitations. The sample size was small. Small sample size can lead to either lack of statistical power to prove the benefits of an intervention or inconsistency in study results. In the same context, two groups were not completely controlled due to the small sample size. In terms of baseline characteristics, Charlson comorbidity score was slightly higher in the control group with statistical significance. In subgroup analysis, when Charlson comorbidity index was included in the multiple linear regression model to investigate the determinants of functional improvement during hospitalization, Charlson comorbidity index was selected as a single associated variable. Therefore, it is a limitation that the effect of difference in Charlson comorbidity index between the groups on functional recovery was not completely controlled in this study. However, as shown in Table 1 , rates of having other individual comorbidities were not statistically different between the two groups. Even considering the Charlson comorbidity score difference between groups, there was no difference in usual functional status before admission between the two groups ( Table 2) . We also failed to assess cognitive or emotional status to evaluate the effects of intervention on quality of life after severe sepsis.
In conclusion, we were unable to demonstrate the apparent benefits of exercise rehabilitation on functional recovery in patients with sepsis. However, some physical functions tend to be improved by exercise rehabilitation in patients with initial high severity scores. Further research, with larger study populations and more study outcomes, is warranted to define the role of early exercise rehabilitation in severe sepsis.
